Vint Cerf: A Brief History of Packets I n the late 1980s and early 1990s, academics, governments, and companies around the world had built and deployed our current shared Internet infrastructure using the TCP/IP protocol. Having a welldeveloped open protocol implemented on a wide range of computers was an essential prerequisite for the Internet's rapid success and growth.
The simple answer to the question, "Where did TCP/IP come from?" is that its basis was ARPANET, an earlier small-scale research network. I recently spoke about this technology's emergence with Vint Cerf, who is recognized as one of the "fathers of the Internet" and was a cofounder of the Internet Society, which was established in 1992 to provide leadership in establishing Internet-related standards, education, and policy.
To view the full video of this interview, visit www.computer.org/ computingconversations.
FROM THE GROUND UP
Of course, the real answer to the question of TCP/IP's origins is that it ultimately emerged from 20 years' research into a wide array of topics that explored moving from a telephone-style, circuit-switched infrastructure that required dedicated But academics were starting to do research on how to break data into packets and send those packets over the traditional telephone network or "local area" wired networks: One adva nt age of a packetswitched network is that it can dynamically route data around partial network outages as might be experienced during wartime or perhaps due to a severe large-scale weather event, such as a hurricane or t yphoon. While work ing at RAND in 1962, Paul Baran created an extensive design for a resilient packet-switched voice network. As Cerf describes it, 
MAKING CONNECTIONS
In addition to the growing notions of how people could collaborate via a shared digital network, there was also the practical consideration of deploying increasing numbers of As the number of workstations and mainframe computers that could support TCP/IP and be connected to ARPANET grew and an increasingly rich set of networked applications were developed, more universities and research labs wanted to be connected to ARPANET, and its infrastructure started to groan under the network traffic load:
All of this places huge demands on the ARPANET backbone, which is only running at 50 kilobits per second, and eventually leads to the need for higher speed. NSF jumps into the fray, seeing how valuable all this is for the academic community, and concludes that it should build a network that runs even faster. It does, and the result is NSFNet. W hat's amazing about the story of ARPANET is that from its ea rliest days, it focused on connecting people, information, and technology. It's also a story of having patience and being willing to take the time to build it right technically, even if doing it right meant starting over from time to time. A relatively small group of well-funded researchers worked collectively for more than 20 years, starting over and redesigning their systems multiple times as new use cases presented themselves. It's fortunate that by the mid1980s, TCP/IP was a well-developed technology that provided a solid basis for the Internet revolution of the 1980s and the Web revolution of the 1990s. Expanding from the original telephone-line based ARPANET to a network architecture that included many cooperating networks with points of interconnection required a new design:
We decide to build a gateway that today we call a "router" and also introduce other things like how to refer to another network. Each network thinks it's the only network in the universe. At that time, you didn't have a vocabulary that said, "Take this packet and move it to another computer on another network somewhere else that you might not even be connected to." So we have to invent an "Internet" address space to solve that problem.
We have to find a way to allow packet losses in this path to be recovered. TCP now becomes a manager of reliability on an end-to-end basis instead of relying on each underlying network to be reliable. ARPANET was built on the assumption that you could build a reliable underlying network. The
Internet was based on the assumption that no network was necessarily reliable and you had to do end-to-end retransmissions to recover.
This work on a "net work of networks" began in earnest as a research project funded by ARPA. Cerf and his colleagues did all of their design work in the open and shared it From its earliest days, ARPANET focused on connecting people, information, and technology.
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